Objective: To assess the prevalence of under-and over-nutrition using three different assessment methods.
anthropometrics of weight and height are disadvantageous in that they tend to be highly influenced by growth, diseases and the limited sensitivity which limits their ability to distinguish true cases of malnutrition [8, 13] . In this study, a weight for height curve signifying wasting is used as a standard for growth evaluation of the children, indicating the percentile rankings for weight according to specific heights but disregarding age. Weight for height Z scores (WHZ) < -2SD are considered under-nutrition and > +2SD as overnutrition. Despite weight for height (wasting) indicating a measure of recent rapid weight loss or the failure to gain weight due to either poor food intake and/or illness, this was the only parameter that could be used to indicate both under-and over-nutrition. Weight for age (WAZ) (underweight) and height for age (HAZ) (stunting) can only indicate under-nutrition and not over-nutrition. Weight for age reflecting the child's body weight relative to their age illustrates underweight and/or its severity, however it is not used to categorize overweight and/or obesity in children [14] .
The dilution method uses stable isotopes and commonly D 2 O, to quantify fat through its estimation of total body water (TBW) volume within the fat free mass (FFM) [12, 13] . Due to the ability of water to maintain a relatively stable relationship to fat free mass (FFM), it can therefore best predict FFM and fat mass (FM) [13] .
Although, the method seems to be better off when compared to anthropometric methods, it is evident that challenges may be presented in some cases where hydration is altered such as in obese individuals and some disease states [18] . Despite presented challenges, the method's use still remains versatile due to its non -toxicity, -radioactivity and -invasiveness issues and is suitable to be used by everyone including children [18, 19] .
Available data on the double burden of malnutrition is limited and at best equivocal in Botswana. Therefore, there is a critical need to explore assessment tools and methods that are more reliable. The aim of this study was to assess the prevalence of underand over-nutrition using the three methods of anthropometrics, BMI and isotope dilution .
Due to improved economies and consequent nutrition transition, most countries including those of low and middle income levels, seem to be facing a double burden of malnutrition (DBM) characterized by under and over-nutrition even in the child population [2] . Consequently, a new term has been coined, "new norm" signifying the commonality of this problem in almost all nations worldwide [3] . In 2016, it was estimated that 41 million children under the age of 5 years were overweight and/or obese whereas 155 million were chronically undernourished [4] . Due to the continuous deterioration of the health of many nations, most countries decided to put systems in place to monitor the nutritional status of their people [5] . Botswana was not an exception in this regard [6] .
Similar to other countries, Botswana has a National Nutrition
Surveillance System (BNSS) through which the growth and/or nutritional status of children under-five years old is monitored.
Existing research seem to point to results discrepancies when comparing such data from the clinics to that from national surveys [7] . Although the critical reason for the discrepancy cited in the aforementioned study was possible sampling bias in clinics, the researchers in this study suggest that discrepancies in data could be emanating from the use of different methods with low sensitivity and specificity thus compromising the quality and accuracy of data. For instance, methods such as the use of basic anthropometrics such as weight and height and BMI have been documented to have limited sensitivity and technical errors which may lead to possible misclassification of growth status and/or body composition [8] .
With possible misclassification on the prevalence of malnutrition with the use of methods such as anthropometrics and BMI, there is a likelihood of either under-and/or overestimating malnutrition prevalence [9, 10] . Under-nutrition and over-nutrition have adverse effects of health and are both associated with nega-
Introduction Body mass index (BMI) and BMI for age percentiles
Body mass index is calculated by dividing weight by height squared (kg/m 2 ). It is an index derived from the anthropometric measures of weight and height to help predict body fat in children with a BMI < 5 th percentile and > 85 th percentile regarded as underweight and/or under-nutrition and overweight and/or over-nutrition respectively [13] . It serves as a better index than height and weight alone in predicting malnutrition [13] . This measure is able to estimate body fat distribution although unable to directly quantify visceral and/or subcutaneous adipose tissues which are risk factors to cardiovascular diseases [15] . Because of the rapid growth of children, BMI may be inappropriate to use in children under five [16] . However, an alternative measure of BMI for age percentiles in the growth curves are availed side by side to ensure BMI is correctly assigned. The latter are gender and age specific and can be thus used to classify the children's BMI relative to other children of similar gender and age [17] . 
Isotope dilution

Materials and Methods
Study design and participants
This was a pilot cross sectional study conducted on 197 children under five years of age who were attending growth monitoring as a standard component of paediatric services. Convenience sampling was used to enrol children who met the inclusion criteria of the study. Enrolment followed recruitment at the time of clinic visit. Children were included if they had access to Tsabana food supplement for at least 6-12 months prior to the commencement of the study. The children had to be aged between 36 and 59 months, be free from infection shown by lack of raised temperatures above normal 36 O C and to have signed consent from parents.
Sampling
Since the study was a pilot in preparation for a bigger study, the target sample was set at 200 with 100 children per study site. Recruitment of children was done during routine growth monitoring at local clinics in the study areas. In Moshupa (South) there were three clinics and the target sample was distributed amongst all of them hence, 33 children were recruited from each. In Shakawe (North) since there was one clinic all 100 children were recruited from there. The study was conducted during the dry season at the beginning of the month of October in the year 2017.
Study areas
Data was collected from two sites classified as high and low risk [21] .
Data collection
Anthropometric measurements
Weight and height
Body mass index percentiles
Body mass index (BMI) was calculated by dividing weight in kg by height squared. Thereafter, the CDC gender and age specific growth charts were used to classify the children which assisted in expressing the children's BMI relative to other children of similar gender and age. Below 5 th percentile was considered as under-nutrition and >85 th percentile as over-nutrition [22] .
Deuterium dilution method
Body composition was determined using deuterium dilution method which utilized a double compartment model focusing on The enrichment of deuterium in body water was measured using the Fourier Transform Infrared Spectrometer (FTIR). The enrichment was used to determine total body water which was used to calculate fat free mass (FFM). Fat mass was calculated as the difference between body weight and FFM [23] . DBM was defined as fat mass percentage < 13% for boys and < 23% for girls (low fat mass) and > 20% for boys and >30% for girls (high body fat) as under-and overnutrition respectively. These cutoffs were guided by the references using BOD POD references since there are no internationally established references as yet. With known TBW, FFM can be calculated by dividing it with a relevant hydration factor dependent upon the age of the children and their gender [24] . 
Results and Discussion
with females tending to have higher hydration factors. To minimize errors, a spreadsheet was used to calculate fat mass which was expressed as Fat mass percentage (%FM).
Statistical analysis
The the corresponding significance will be reported. For effect size, corresponding Z and significance will be reported. Results were significant at p<0.05.
Ethical Considerations
All numerical data (WHZ, BMI and % Fat mass) were checked for distribution and were found to be non-conforming to a bell shape. To confirm whether the data was not normally distributed, Table 1 indicates the study children's descriptives. Ninety-eight (98) and 99 children were from the Moshupa (south) and Shakawe (north) study sites respectively. There were no statistically significant differences observed in the descriptive parameters of age, weight, height, weight for height z scores, BMI AND %FM when comparing study sites, implying similarities amongst study children in the two study areas. Irrespective of the assessment method used, results showed that children from both study sites seemed to have similar under-and over-nutrition prevalence rates (Figure 3 and 4). Despite living in different geographical regions, the similarities of children in this age group does not come as a surprise. This is because the Botswana Government has from the 1970s invested in health promotion program that would prioritize the welfare of under-five children [6, 26] . Children are provided with monthly growth monitoring and are given supplementary food to promote good nutritional status [27] . This means that if ever there were any compromised growth in children of this age in their respective homes, the care and provisions the government gives would fill in the gap. Furthermore, the world being a global village, has promoted availability of goods everywhere even in villages which may boost the variety of foods consumed in the homes and by children sources such as wild fruits, vegetables, plants and fish that can either supplement diets and/or be harvested and sold to boost purchasing power that can improve household dietary intake [29, 30] . All methods seemed to have a reducing effect on under-nutrition though at different magnitudes.
Similarly for over-nutrition, there was a significant difference using the three methods to assess over- and changes occuring with age which can end in misclassification of under-and/or over-nutrition [36] [37] [38] . The D 2 O dilution method seems to have an advantage by factoring in water in the body that maintains a relatively stable relationship to fat free mass and constant densities of the fat mass and fat free mass [13, 39] . However, in young children who are rapidly growing and have extracellular water and organ mass in the bulk of their body mass, it may thus increase hydration of FFM and consequently bias estimates of body composition [33] .
It is important to point to the limitations of this study and caution readers to use the information with care. The sample size of the study was small. A confirmatory study with a bigger sample size would be necessary to establish the accuracy of the results observed in this study. Furthermore, the lack of established reference standards for the isotope dilution method in the under-fives may have caused a bias in the results. Even with such limitations, there are strengths that are evident in the study. This is the first study of its kind in the country to attempt to bring together two commonly used methods of anthropometrics and BMI with a more advanced and new method of D 2 O dilution method to assess the double burden of malnutrition. Knowledge about the performance of the different methods is critical in helping researchers choose which methods to use so as to produce quality results that can be used to develop effective interventions.
A gap still exists between the methods of assessment that can be used to assess the double-burden of malnutrition. All three methods, anthropometry, BMI and D 2 O dilution method have significantly different effects towards the assessment of either underand/or over-nutrition. It is thus recommended that a thorough decision be made prior to choosing which method to use. Additionally, it is important to use more than one method to validate data received and to improve the accuracy and quality of data produced.
A confirmatory study is urgently needed to confirm the findings to allow for timely intervention.
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